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Abstract 

Background: Infection with high-risk human papillomavirus (HPV) is causally related to cervical, vulvar and vaginal pre- 
invasive neoplasias and cancers. Highly effective vaccines against HPV types 16/18 have been available since 2006, and are 
currently used in many countries in combination with cervical cancer screening to control the burden of cervical cancer. We 
estimated the overall and age-specific incidence rate (IR) of cervical, vulvar and vaginal cancer and pre-invasive neoplasia in 
Denmark, Iceland, Norway and Sweden in 2004-2006, prior to the availability of HPV vaccines, in order to establish a 
baseline for surveillance. We also estimated the population attributable fraction to determine roughly the expected effect of 
HPV16/18 vaccination on the incidence of these diseases. 

Methods: Information on incident cervical, vulvar and vaginal cancers and high-grade pre-invasive neoplasias was obtained 
from high-quality national population-based registries. A literature review was conducted to define the fraction of these 
lesions attributable to HPV16/18, i.e., those that could be prevented by HPV vaccination. 

Results: Among the four countries, the age-standardised IR/10 5 of cervical, vaginal and vulvar cancer ranged from 8.4-13.8, 
1.3-3.1 and 0.2-0.6, respectively. The risk for cervical cancer was highest in women aged 30-39, while vulvar and vaginal 
cancers were most common in women aged 70+. Age-standardised IR/10 5 of cervical, vulvar and vaginal pre-invasive 
neoplasia ranged between 138.8—183.2, 2.5—8.8 and 0.5 — 1.3, respectively. Women aged 20—29 had the highest risk for 
cervical pre-invasive neoplasia, while vulvar and vaginal pre-invasive neoplasia peaked in women aged 40—49 and 60—69, 
respectively. Over 50% of the observed 47,820 incident invasive and pre-invasive cancer cases in 2004—2006 can be 
attributed to HPV16/18. 

Conclusion: In the four countries, vaccination against HPV 16/18 could prevent approximately 8500 cases of gynecological 
cancer and pre-cancer annually. Population-based cancer and vaccination registries are essential to assess the predicted 
public health effects of HPV vaccination. 
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Introduction 

Persistent infection with high-risk human papillomavirus types 
(hrHPV) is a necessary cause of cervical cancer and pre-invasive 
neoplasia [1]. Hr HPV types have been detected in virtually all 



cervical cancers and cervical intraepithelial neoplasia grades 2 and 
3 (CIN2/3) [2-4]; in 40-70% of all vulvar and vaginal cancers, 
and in about 85-90% of vulvar intraepithelial neoplasia grades 2 
and 3 (VIN2/3) and vaginal intraepithelial neoplasia grades 2 and 
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3 (VaIN2/3) [5]; illustrating the fact that HPV is also causing a 
significant proportion of non-cervical anogenital neoplasias [6,7]. 

The reported proportions of specific HPV types detected in 
cervical, vulvar and vaginal cancer and pre-invasive neoplasias 
vary widely. Suggested explanations for this variation include 
differences in the sensitivity of the HPV detection methods used 
[8], global disparity in HPV type distribution, as well as the 
difficulties of taking into account the strong effect of age on HPV 
positivity rates in studies that included different age groups [9, 1 0] . 
HPV 16 is the most common type, and has been detected in 48- 
72% of cervical, 27-58% of vulvar and 46-77% of vaginal 
cancers. HPV18 has been detected in 1 1-22% of cervical, 2-10% 
of vulvar and 3-27% of vaginal cancers [2-4,6,7,10-12]. HPV 16 
has been reported to be present in 49-81% of CIN2/3, VIN2/3 
and VaIN2/3, whereas only 2-14% of these lesions test positive 
for HPV 18. 

Prophylactic vaccines against HPV16/18 have demonstrated 
high efficacy against the development of type-specific CIN2/3 and 
external genital lesions in various age groups [13-15]. HPV 
vaccines have been commercially available since 2006, and several 
countries have recently initiated HPV vaccination programmes for 
young girls to reduce the burden of HPV-related disease [16]. 

The population-based cancer registries in the Nordic countries 
have been sources for cancer statistics since the 1950s [17]. Cancer 
registration has been shown to be close to complete, timely and 
fairly accurate over time, and established routines for data quality 
assurance exist [18]. While the registration of cytological and 
histological diagnosis of cervical pre-invasive neoplasia has been of 
importance to audit cervical cancer screening programs, the public 
health demand for population-based data on pre-invasive neopla- 
sias has been limited. In the present study, the overall and age- 
specific incidence of cervical, vulvar and vaginal cancer and 
CIN2/3, cervical adenocarcinoma in situ (AIS), VIN2/3 and 
VaIN2/3 in Denmark, Iceland, Norway and Sweden were 
estimated, prior to the availability of HPV vaccines, to establish 
a baseline for surveillance of the effect of mass HPV16/18 
vaccination. The expected effect of HPV vaccination on the 
incidence of cervical, vulvar and vaginal cancer and pre-invasive 
neoplasia was estimated by calculation of HPV 16/ 18 population 
attributable fractions. 

Materials and Methods 

The data were analyzed anonymously and we used publicly 
available data from population-based registries. Denmark, Iceland, 
Norway and Sweden share an official policy which supports and 
funds mandatory cancer registration in population-based regis- 
tries. The information available in these registries includes 
topography, morphology and date of diagnosis, as well as the 
personal identification number of the patient. Recorded data in all 
countries follow the International Classification of Diseases and 
Related Health Problems 10 th Revision (ICD-10) [19,20]. 

Definition of Incident Cervical, Vulvar and Vaginal Cancer 
and Pre-invasive Neoplasia 

Women diagnosed with incident cervical vulvar and vaginal 
cancer and pre-invasive neoplasia between 1 January 2004 and 3 1 
December 2006 were identified from the relevant national 
registries. 

Only primary tumours of the cervix (ICD-10: C53), vulva (ICD- 
10: C51) and/or vagina (ICD-10: C52) were included. Incident 
cancer cases and dates of diagnoses were classified following 
international guidelines [18]. Histology codes 8010/2, 8070/2, 
8076/2, 8077/2, 8140/2, 8140/1, 8140/2, 8560/2 [19], corre- 



sponding to CIN2/3, cervical adenocarcinoma in situ, VIN2/3, 
and VaIN2/3, as described in Tavassoli et al. [19], were used to 
identify women with incident pre-invasive neoplasia. For incident 
cervical intraepithelial neoplasia, the women had no history of 
histologically confirmed cervical abnormalities (CIN2/3, AIS, 
cervical cancer) for the past two calendar years. When a women 
had consecutive histological diagnoses of pre-invasive neoplasia at 
the same location, the most severe grade of pre-invasive neoplasia 
on the same location for a 2-year period was used. However, a 
diagnosis of incident pre-invasive neoplasia was disregarded 
among women who also had a diagnosis of cancer at the same 
location four months or less after the date of pre-invasive 
neoplasia. The same patient contributed multiple times as an 
incident case if a cancer or pre-invasive neoplasia was diagnosed at 
more than one anatomical site. 

The population-based Pathology Data Bank was used to identify 
incident cases of cancer and pre-invasive neoplasia in Denmark. 
The Pathology Data Bank is a nationwide computerized register, 
containing information about all clinical cytological and histolog- 
ical examinations performed in the country [21]. In Iceland, the 
population-based database of the Cancer Detection Clinic, in 
which all histopathological results are registered, was used to 
identify women with pre-invasive neoplasia. Data for Icelandic, 
Norwegian and Swedish cancer cases were obtained from the 
respective national population-based cancer registries [18,22]. To 
identify pre-invasive neoplasias in Norway, three sources were 
consulted: 1) the Histology Registry, which contains information 
on all morphological diagnoses from the cervix uteri since 2002; 2) 
the CIN Registry, which contains information on all treatment 
procedures for CIN performed in Norway since 1997; and 3) the 
Cancer Registry of Norway [23]. Data on pre-invasive neoplasia 
in Sweden were obtained from the Swedish National Cancer 
Registry, the National Screening Registry and the regional 
screening registry in Gothenburg [24]. In Sweden, VIN2 and 
VaIN2 is not reported to the registries, and therefore was not 
available for the present study. To identify the population at risk in 
each country, total female population figures as of 1 January in 
each year of interest were obtained from Statistics Denmark, 
Statistics Iceland, the National Population Register of Norway, 
and Statistics Sweden. 

Statistical Analyses 

For Denmark, Iceland, Norway and Sweden the incidence rates 
(IR) of cervical, vulvar and vaginal cancer and pre-invasive 
neoplasia were estimated per 100,000 woman-years in 2004—2006, 
the period prior to availability of the HPV vaccine. The age- 
specific rate for five-year interval age groups i, denoted as r„ was 
obtained by dividing the number of events in each age group d, by 
the corresponding women-years of observation Y t and multiplying 
by 100.000: 

r, = a',/r ! x 100.000. 

Overall incidence rates were adjusted for age according to 
European Standard Population [25] . The estimates were present- 
ed by age groups: 0-19, 20-29, 30-39, 40-49, 50-59, 60-69 and 
70 years and over, or age-standardised using the European 
standard population. The entire female population alive on 1 
January of the year of interest was used as the number of women- 
years of observation. No censoring for incident cases was 
performed since the number of cases was relatively small and 
did not affect the estimates. Incidence rates during the period 
2004—2006 were calculated cumulatively, i.e. as the total number 
of cases relative to the corresponding total number of woman- 
years of observation accumulated during 2004-2006. 



PLOS ONE | www.plosone.org 



2 



February 2014 | Volume 9 | Issue 2 | e88323 



Targeting HPV- Establish Baseline for Surveillance 



The population attributable risk calculation. We esti- 
mated the total burden of cancerous gynaecological diseases which 
can be prevented by HPV 16/ 18 vaccination, by multiplying the 
observed incidence of cervical, vulvar and vaginal cancers and pre- 
invasive neoplasias with the etiologic fraction, or population 
attributable fraction (PAF), an assumed fraction of the disease that 
would not have occurred had HPV 16/ 18 been absent from the 
population. As the risk of cervical, vulvar, and vaginal cancer and 
pre-invasive neoplasia is high among HPV16/18-positive women, 
and as current knowledge suggests that the presence of HPV16/18 
in these lesions is sufficient to infer causality [1], we defined the 
PAF as the proportion of cancers and pre-invasive neoplasias 
positive for HPV 16/ 18, an approach which has also been used by 
others [26,27]. We used recent review articles to define the 
proportion of cervical, vulvar and vaginal cancers and pre-invasive 
neoplasias positive for HPV 16/ 18. To account for the highly 
variable prevalence point estimates, we provide a range of the 
lowest and highest estimate of HPV 16/ 18 in cancer and pre- 
invasive neoplasia for PAF. 

Results 

In 2004-2006, the country-specific age-standardised incidence 
rates (ASIR) of cervical cancer varied between 8.4/ 10 5 and 13.8/ 
10 5 , being 64% higher in Denmark (highest) compared to Sweden 
(lowest). The ASIR of cervical pre-invasive neoplasia, i.e. CIN2/3 
and adenocarcinoma in situ combined, varied between 138.8 and 
183.2, being 32% higher in Iceland (highest) compared to Norway 
(lowest). In all countries vulvar cancer and pre-invasive neoplasia 
were more common than vaginal cancer and pre-invasive vaginal 
neoplasia. ASIRs of vulvar and vaginal cancer were lowest in 
Iceland; vulvar cancer was highest in Denmark (3.1/10 5 ) and 
vaginal cancer was highest in Sweden (0.6/ 10 5 ). The ASIR of 
vulvar and vaginal pre-invasive neoplasia were lowest in Norway 
(4.8/ 10 5 and 0.9/ 10 5 , respectively). The ASIR of vulvar pre- 
invasive neoplasia was almost twice as high in Iceland (8.8/ 10 5 ), 
and 60% higher in Denmark (7.7/ 10 5 ), compared to Norway 
(Table 1). 

In all countries, the incidence of cervical cancer began to rise at 
age 20-29 years, and reached a peak at age 30-39 years, being 
highest in Denmark and lowest in Sweden (Figure 1A). The 
incidence of cervical pre-invasive neoplasia peaked earlier, at age 
20-29 years, being highest in Iceland (723.3/10') and lowest in 
Norway (327.0/10') and declining markedly thereafter, to 10.4/ 
10 5 for women over 70 years of age, combined for all four 
countries (Figure 2A). 

The incidence of vulvar and vaginal cancer started to increase at 
age 40-49 and 60-69 years, respectively, reaching a peak among 
women 70 years of age or older (Figure IB and C). Vulvar pre- 
invasive neoplasia started to rise at age 20-29 years, reaching to a 
plateau at age 40 years or older (Figure 2B). Vaginal pre-invasive 
neoplasia was relatively uncommon in women younger than 50 
years of age (Figure 2C), and in this age group incident vulvar and 
vaginal pre-invasive neoplasias were more common than cancers, 
whereas the opposite was true for women 70 years or older. 

Altogether, 47,820 incident cases of cervical, vulvar and vaginal 
cancer and pre-invasive neoplasia were registered during the study 
period (2004-2006) in Denmark, Iceland, Norway and Sweden. 
Based on the published literature, the proportion of cases positive 
for HPV16/18 was defined and used as the PAF, which ranged 
between 7 1 .2%— 83.9% in cervical cancers, 30%-39% in vulvar 
cancers, 49.5%-100% in vaginal cancers; 51.5 %— 66.6% in 
cervical pre-invasive neoplasias, 64.5%-81.3% in vulvar pre- 
invasive neoplasia, 54.0%-88.6% in vaginal pre-invasive neoplasia 



(Table 2). During 2004-2006, between 2,909 and 3,566 incident 
cervical, vulvar and vaginal cancer cases, and between 22,361 and 
28,936 cervical, vulvar and vaginal pre-invasive neoplasias were 
attributed to HPV 16/ 18 in the four countries combined. 
Altogether, 32,226 women younger than 40 years and 15,594 
women aged 40 years or older with incident pre-invasive or 
invasive lesions were registered. Among those, cases attributable to 
HPV16/18 ranged between 16,852 and 21,709 for women under 
40 years of age and between 8,416 and 10,795 for women aged 40 
years or older. 

To illustrate the potential impact of HPV vaccination under the 
ideal assumption of 100% vaccine efficacy and coverage, the 
incidence of cervical cancer and pre-invasive neoplasia incidence 
were estimated (combined for all countries, by age). For women 
aged 20-29 years, where pre-invasive neoplasia was most frequent, 
the incidence of cervical pre-invasive neoplasia would be between 
243.4/10 3 and 167.6/ 10 5 instead of the observed 501.9/10 5 , 
assuming the lowest and highest estimated HPV 16/ 18 attributable 
fractions of 51.5% and 66.6%, respectively. For women aged 30- 
39 years, where cervical cancer is most frequent, the incidence of 
cervical cancer would be between 6.2/ 1 0 5 and 3.5/ 10 5 instead of 
the observed 21.6/10 5 , assuming the lowest and highest estimated 
HPV16/18 attributable fractions of 71.2% and 83.9%, respec- 
tively (Figure 3). 

Discussion 

This study provides baseline incidence rates of HPV-related 
gynaecological lesions in four Nordic countries prior to the 
introduction of HPV vaccination. To our knowledge, this is the 
first time empirical population-based data on all HPV-related 
gynaecological cancer and pre-invasive neoplasia, including the 
cervix, vulva and vagina have been considered together for an 
estimation of the fraction potentially preventable by HPV 16/ 18 
vaccination. 

While similar overall age-patterns of IRs of HPV-related 
gynaecological neoplasias in the four Nordic countries indicate 
the high quality of the national registry data, we observed that the 
ASIR of cervical pre-invasive neoplasia differed to a large extent 
between the countries. We have previously described sexual 
behaviour and smoking habits among women in these four Nordic 
countries [28-31], and the rather small differences described are 
unlikely to provide a full explanation for the variation in incidence 
of cervical pre-invasive neoplasia. Moreover, the prevalence of 
HPV-induced genital warts, was similar in Denmark, Iceland, 
Norway and Sweden [32]. National differences in the incidence of 
cervical intraepithelial neoplasia can also be explained by different 
cervical cancer screening recommendations. It has been shown 
that more intensive screening and follow-up leads to an increased 
detection of CIN2 or worse [33]. While all four countries have 
long-established national cervical cancer screening programs with 
high coverage, the target population and screening intensity differ 
between countries [34]. The lowest incidence of cervical pre- 
invasive neoplasia in the age-group of 20-29 years was found in 
Norway (327/ 10 5 ), where screening starts at 25 years of age, and 
the highest was found in Iceland (723/ 10 5 ), where screening starts 
at 20 years of age. Among age groups covered by the cervical 
cancer screening programmes in all four countries, the incidence 
of cervical pre-invasive neoplasia was comparable or showed only 
minor variation. Our study results, hence, imply that the registry 
data on cervical pre-invasive neoplasia does not necessarily reflect 
the true distribution of the disease in the population, but that it 
also depends on the intensity of routine screening applied in the 
population. Hence, the registered number of cervical pre-invasive 
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Table 1. Number of and age-adjusted (European population) incidence rates per 100,000 of cancer and pre-invasive neoplasia in 
cervix, vulva and vagina, for 2004-2006 in Denmark, Iceland, Norway and Sweden. 







Denmark 


Iceland 


Norway 


Sweden 


Female population 2004-2006 


8,203,231 


443,352 


7,015,877 


1 3,690,608 


Number of cases 2004-2006 


Cervical cancer 


1,234 


43 


889 


1,304 


CIN2/3 and AIS a 


12,888 


864 


9,397 


18,218 


Vulvar cancer 


360 


6 


279 


414 


VIN2/3" 


639 


40 


350 


393* 


Vaginal cancer 


58 


1 


50 


133 


ValN2/3 c 


111 


5 


69 


75* 


Age-adjusted incidence rates per 100,000 


Cervical cancer 


13.8 


9.5 


11.8 


8.4 


CIN2/3 and AIS a 


169.7 


183.2 


138.8 


145.0 


Vulvar cancer 


3.1 


1.3 


2.9 


1.8 


VIN2/3 b 


7.7 


8.8 


4.8 


2.5* 


Vaginal cancer 


0.5 


0.2 


0.5 


0.6 


ValN2/3 c 


1.2 


1.3 


0.9 


0.5* 



a CIN2/3 and AIS - cervical intraepithelial neoplasia grade 2 and 3 and adenocarcinoma in situ. 
b VIN2/3 - vulvar intraepithelial neoplasia grade 2/3. 
c ValN2/3 - vaginal intraepithelial neoplasia grade 2/3. 
*from Sweden only grade 3 VIN and VaIN were included. 
doi:1 0.1 371 /journal.pone.0088323.t001 



neoplasia preventable by HPV vaccination is dependent on the 
existing screening activity in the respective country. 

In the four countries combined, an annual average of about 
1,160 and 1 4,000 women were diagnosed and treated for cervical 
cancer and pre-invasive neoplasia, respectively. A natural history 
study showed that about 30% of CIN3 lesions will progress to 
cancer after 30 years of follow-up if left untreated [35], indicating 
that about two-thirds of women with CIN3 might be over-treated. 
The rate of overtreatment may be even higher in our population, 



assuming that a proportion of the pre-invasive lesions were CIN2, 
and that CIN2 has a lower cancer progression risk than CIN3. 
Although generally well tolerated, treatment for cervical pre- 
invasive neoplasia increases the risk of preterm delivery, which can 
adversely affect the health of the new-born [36,37]. Clearly, these 
considerations are highly relevant to women of reproductive age. 
Hence, in countries with organized cervical screening programs 
HPV vaccination has a great potential for reducing over-treatment 
of CIN2/3. 



A. Cervical cancer 



B. Vulvar cancer 



C. Vaginal cancer 




Age-groups 




* # ^ $P ^ ^ & 
Age-groups 




* ffi 4? ffi & 

Age-groups 



Denmark 


0 


13.1 


28.1 


22.6 


16.3 


15.2 


20 .0 


0 


0 2 


1.1 


3.4 


5.1 


7.0 


17 8 


0 


0.1 


0 


0.3 


0 6 


12 


34 


Iceland 


0 


13.8 


19.3 


16.9 


7.5 


11.8 


6 8 


0 


0 


0 


4.6 


16.9 


0 


13.6 


0 


0 


0 


0 


0 


0.1 


2.3 


Norway 


0.1 


5 3 


23.3 


17,6 


18 9 


18 1 


17.1 


0 


0.1 


09 


1.9 


4.3 


8.3 


17.6 


0 


0 


0 1 


0.5 


10 


1.5 


2.9 


Sweden 


0 


4.8 


15.6 


14.0 


11.9 


10.9 


15.3 


0 


0.1 


0.4 


1.2 


2.3 


5.1 


13.0 


0 


0 


0.1 


0 3 


0 8 


16 


4 3 



Figure 1. Incidence rates/10 5 of cervical (A), vulvar (B) and vaginal (C) cancer in 2004-2006, by age and country. The y-axis shows 
incidence rates per 100,000 person years on a log scale and the x-axis represents age group. Blue, red, green, and violet lines refer to Denmark, 
Iceland, Norway and Sweden, respectively. Country specific point-estimates for incidence rate per 100,000 are given in a four-row table below each 
panel, by age-groups: 0-19, 20-29, 30-39, 40-49, 50-59, 60-69 and 70 years and over. 
doi:1 0.1 371 /journal.pone.0088323.g001 
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A. Cervical pre-invasive neoplasia B. Vulvar pre-invasive neoplasia C. Vaginal pre-invasive neoplasia 




Age Groups Age Groups Age Groups 



Denmark 4 540,1 442,1 165,3 55,1 14,6 6,7 

Iceland io,e 723,3 399.2 158,4 39,5 8,8 6,8 

Norway 4.9 327,0 359,9 135,9 74.0 53,0 13,8 

Sweden 2,1 417,0 303,1 104,2 04,6 30,3 14,1 

Figure 2. Incidence rates/10 5 of cervical (A), vulvar (B) and vaginal (C) pre-invasive neoplasia in 2004-2006, by age and country. The 

y-axis shows incidence rates per 100,000 person years on a log scale and the x-axis represents age group. Blue, red, green, and violet lines refer to 
Denmark, Iceland, Norway and Sweden, respectively. Country specific point-estimates for incidence rate per 100,000 are given in a four-row table 
below each panel, sorted by age-groups: 0-19, 20-29, 30-39, 40-49, 50-59, 60-69 and 70 years and over. From Sweden only vulvar and vaginal 
intraepithelial neoplasia grade 3 are included, whereas other countries include both grades 2 and 3. 
doi:1 0.1 371 /journal.pone.0088323.g002 



0,7 5,3 9,7 15,3 14.2 7.9 5,4 

0,1 10,7 8,0 16,9 13,2 20,6 6,8 

0,5 2.5 4.9 9,4 8,7 8,0 6.2 

0,2 1,3 2,1 3,8 5,9 4,6 4,0 



0,1 1,4 1,6 1,5 1,7 2,3 2,0 

0,1 0,1 0,1 3,1 1,9 2,9 2,3 

0,1 0,6 0,6 1,2 1,5 2,8 1,9 

0,1 0,4 0,6 0,9 1,1 0,8 0,5 



An effective HPV vaccination programme would decrease the 
incidence of cervical pre-invasive neoplasia by 51.5% to 66.6%, 
based on the literature review. This is in line with a recently 
published study suggesting a reduction of CIN2/3 by 58.6% to 
62.1%, where the estimates were derived from a comprehensive 
mathematical micro-simulation model integrating complexity 
across the HPV-natural history model as well as HPV-related 
disease control, such as screening activity and HPV vaccination 
coverage [38]. Under ideal circumstances, i.e. 100% immunisation 
of the population at risk, pre-invasive cervical neoplasia would be 
reduced from 502/10 5 to 168-243/10 5 among women 20-29 
years old, and from 39 1/1 0 5 to 131—1 90/ 10 5 among women 30- 
39 years old. In absolute terms, this translates into a total of 
21,304—27,550 fewer women treated over 3 years, implying a 
reduced demand for diagnostic and treatment facilities, and 
improved reproductive health. The goal of HPV vaccination is to 
reduce the number of cervical cancer cases, which can be achieved 
for 71-84% of the cases according to our estimate. This translates 
into about 2,471 to 2,911 fewer cervical cancer cases to be 
diagnosed and treated triennially in the four Nordic countries 
combined. 

However, the effect of HPV vaccination programmes on cancer 
incidence rates will not be observable at the population level until 
the birth cohorts that have received the vaccine prior to HPV 
exposure /sexual activity reach their thirties. Different countries 
have different policies for HPV vaccination, which causes 
variation in vaccine coverage across birth cohorts [39] . According 
to a published mathematical model it may take as long as 40 years 
after the initiation of HPV vaccination programmes for reductions 
in cancer incidence rates to be observed [38] . However, the effect 
of HPV vaccination programmes on the incidence of cervical pre- 
invasive neoplasia, as well as on procedures related to screening, 
diagnostics and therapy, will be observable decades sooner. 
Concurrent improvement of screening programmes through the 
use of HPV testing in primary screening or in triage might, 
however, have the opposite effect, resulting in an increase of the 
overall occurrence of cervical pre-invasive neoplasia. Randomised 
studies showed that CIN2 or worse was detected 30-80% more at 



baseline and 47-57% less at the 2 nd screening round in the HPV 
arm as compared to the cytology arm [40-42]. Furthermore, it is 
highly likely that after a negative HPV screening test, the screening 
interval will be extended beyond what was used in the controlled 
studies, and incorporation of self-sampling may improve the 
coverage and performance of screening programmes [43—45], 
Mathematical models evaluating the cost-effectiveness of alterna- 
tive screening and HPV vaccination strategies also favour a switch 
to primary HPV testing among women over 30 years of age [46]. 
Therefore, it is plausible that HPV-based screening will replace 
cytology screening in the near future, which inevitably will 
introduce changes in the epidemiology of cervical cancer and pre- 
invasive neoplasia. The interpretation of trends in the IRs of 
cervical pre-invasive neoplasia at the population level can be 
extremely difficult without information on HPV vaccination. 
Meticulous registration covering all aspects of cervical cancer 
prevention is therefore highly recommended to correctly interpret 
the forthcoming changes in the epidemiology of cervical pre- 
invasive neoplasia. 

Compared to cervical cancer, vulvar and vaginal cancer are 
rare diseases, commonly affecting women older than 70 years of 
age. During 2004-2006 more than 1,050 vulvar and 240 vaginal 
cancer cases were diagnosed in the four Nordic countries 
combined, which corresponds to about a third of the cervical 
cancer cases observed. Since vulvar and vaginal cancers tend to 
occur among older women, and the HPV 16/ 18 attributable 
fraction is low for vulvar cancer (30-39%), the impact of HPV 
vaccination will not be observable for many decades. Vulvar pre- 
invasive neoplasia was most common among women 40-49 years 
of age, with an IR of 11.4/10'. This is in line with studies 
reporting a mean age of 48 years at HPV-related diagnosis of 
vulvar pre-invasive neoplasia [47,48]. However, in our study, 
much higher rates of vulvar pre-invasive neoplasia were reported 
compared to the Netherlands (2/1 0 5 ) [47]. It remains unclear to 
what extent the observed discrepancies can be explained by the 
completeness of registries, differences in clinical practice and 
management [23], or different background risk. Although 
HPV 16/ 18 PAF estimates for vulvar and vaginal pre-invasive 
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Figure 3. Observed and hypothetical incidence rate per 100,000 woman years of cervical pre-invasive nepolasia (A) and cervical 
cancer (B) by age in four Nordic countries combined in 2004-2006. The y-axis shows incidence rates per 1 00,000 person years and the x-axis 
represents age group. The solid line refers to observed incidence in 2004-2006; the long-dashed and short dashed line refers to expected incidence 
assuming the lowest and highest estimated HPV16/18 attributable fractions, respectively. 
doi:1 0.1 371 /journal. pone.0088323.g003 



neoplasia were comparable to those in the cervix, the major public 
health advantage of HPV16/18 vaccination lies in the prevention 
of cervical lesions since vulvar and vaginal lesions affect far fewer 
women. Moreover, pre-invasive and invasive lesions of the vulva 
and vagina tend to affect much older women than do the 
corresponding cervical lesions. Nevertheless, the personal gain of 
HPV vaccination on an individual level cannot be ignored, as 
there is currently no effective treatment available for vulvar pre- 
invasive lesions [49]. 

The ultimate aim of HPV vaccination is to reduce the burden of 
all HPV-related diseases. HPV 16 also seems to be causally 
associated with anal, penile and oro-pharyngeal neoplasias [50- 
53], thus HPV 16/ 18 vaccination may also reduce the incidence of 



these diseases. The quadrivalent HPV vaccine additionally 
protects against HPV6/11, which cause genital warts [13] and 
recurrent papillomatosis [54]. Empirical observations form from 
Australia, Denmark and Sweden, where comprehensive popula- 
tion-based HPV vaccination programmes were introduced some 
years ago, have already demonstrated changes in the epidemiology 
of genital warts at the population level [55-57]. 

In order to monitor and evaluate the effect of nation-wide HPV 
vaccination programs, it is necessary to define realistic targets, 
such as the expected decrease in the burden of HPV-related 
gynaecological cancers relative to a baseline incidence. During the 
transition period, in which partially vaccinated birth cohorts enter 
the screening programs, changes in population-based incidence 
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rates of cervical pre-invasive neoplasia can be difficult to interpret 
because the incidence of CIN2 or worse will reflect an interplay 
between underlying risk factors, screening and HPV vaccination. 
Therefore, it is important to establish integrated population-based 
registration of all aspects of cervical cancer screening and HPV 
vaccination activities, and to continuously evaluate changes in the 
epidemiology of HPV-related diseases. 
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